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A few months ago I had occasion to look at the
proceedings of a symposium on Dermatological
Research recently held in England (1). The
symposium covered a wide range of topics—
theoretical and practical—and the diversity of
the papers brought out some aspects of dermato-
logical sciences which I should like to discuss
here today.
One impression I gained from the book was
that while dermatologists naturally consider the
skin and its diseases from many different points
of view, they find it difficult to relate the various
facets of their science one to the other. The book
mentioned above, for example, presents many
interesting facts on the embryology and structure
of the skin, on its innervation, on the allergic
reactions of which it is the site, on the psycho-
somatic aspects of its disorders, etc., etc. All
these facts are highly pertinent to dermatology,
yet in no case did I see any evidence that the
information presented in one article threw any
significant light on the topics of the others, or
that the available knowledge could be integrated
into a coherent picture. I hasten to state that
this state of affairs is not peculiar to dermatology.
As I shall try to show later in this paper, it
represents a situation typical of most if not of all
sciences.
The other impression I derived from the
English symposium was that, even though I
have never had any contact with the field of
dermatology—not even as a patient beyond
having experienced a few mild touches of poison
ivy—nevertheless most problems discussed in the
various chapters of the proceedings were mean-
ingful to me. More precisely, they were meaning-
ful not so much as dermatological problems, but
rather as manifestations of phenomena which had
their counterpart in other areas of biology, nay
in many other unrelated sciences. In fact, it was
this awareness which prompted me to suggest to
Dr. Blank in a facetious mood that my paper
might be entitled, "Molecules, Social Systems,
and Dermatology"—not realizing that these
words would appear in print before I had the
chance to reconsider them in a more sober mood.
Clearly my title would be pretentiously meaning-
less if it were not symbolic rather than descrip-
tive. The meaning of the symbol is that the vari-
ous aspects of dermatology have a significance
which transcend their specialized applications,
and which reach all the way from molecular
biology to the workings of the mind, and to the
play of social forces.
My purpose in this paper is to present general
views concerning the two points mentioned in the
preceding paragraphs. However, I shall first try
to render the theme more concrete with a few
facts taken from studies on immunological aspects
of dermatological problems. These examples will
make it clear, I hope, that immunological
processes have ramifications in many different
biological sciences, and that their study proceeds
through the operation of several scientific con-
cepts which may remain independent of each
other for long periods of time, as if they dealt
with unrelated aspects of science.
* * * * *
It is unfortunate that the importance of
allergic and other immunological processes in
pathology tends to obscure the truly exciting
character of the biological principles that they
make apparent. No one could have imagined a
priori that complex organisms and their constitu-
ent cells, had the ability to acquire so rapidly,
such precise and lasting memories of transient
contacts with many different kinds of substances.
For in truth the immune or allergic state can be
regarded as a sort of biological memory rapidly
acquired and of great duration.
The early immunologists naturally directed
their attention at first to the remarkable speci-
ficity of the immunological response. They had
indeed obvious and very practical reasons to be
impressed by the fact that living cells could
differentiate between, and be selectively altered
by, closely related organic substances—for
example the various hemoglobins— which were
at the time indistinguishable by all known chemi-
cal technics. We must appeal to imagination
in order to try to recapture the amazement that
this phenomenon certainly caused to the pioneers
in the field. I had the good fortune to begin my
scientific career at the Rockefeller Institute dur-
ing the period when two of its most famous
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members were involved in the chemical definition
of immunological processes. In the 1930's, Karl
Landsteiner and Oswald T. Avery, with their
associates, were busily engaged in identifying
the chemical determinants of immunological
specificity, as well as in synthetising and testing
antigens of known chemical structures (2). I
still remember the excitement that prevailed in
the laboratory whenever new evidence was ob-
tained that one could change the immunological
response by changing the nature or position of a
small group in the antigenic molecule. The pro-
found immunological effect of moving a hydroxyl
group from one position to another in a sugar or
organic acid molecule became the subject of
passionate discussions and generalizations. It
seemed to justify the hope that at last, all
immunological and allergic processes were soon
to be understood chemically and therefore con-
trolled.
We have now all become somewhat blasé con-
cerning the immunological consequences of
alterations in the antigen molecule. And after the
1940's emphasis in research shifted from the
antigenic structure to the mechanisms of anti-
body synthesis. Today the fashionable problem is
to determine how the body as a whole, and its
constituent cells, can recognize minor chemical
differences in the antigenic molecule, and can be-
come specifically and lastingly modified by the
various antigenic stimuli.
The extraordinary success achieved by im-
munochemists in identifying the determinants of
antigenic molecules certainly encouraged the
view that a straight chemical approach would
rapidly account for the specificity of the host's
immune response. Independently several groups
of investigators in the 1940's formulated more or
less detailed theories to explain in chemical
terms how normal serum proteins could be modi-
fied by the various antigens, and thereby trans-
formed into the corresponding specific anti-
bodies. As is well known, the most sophisticated
of these theories was that propounded by L.
Pauling (3). He suggested that peptide chains in
the normal globulin molecules folded themselves
over the antigen molecules and being thus molded
by the latter thereby acquired immunological
specificity. In other words, the proper folding of
the peptide chain determined its specific con-
figuration and made it fit that of the antigen.
As far as I know, Pauling's theory of antibody
formation by folding of the normal globulin
molecule has never been experimentally con-
firmed, nor has it been invalidated from the
chemical point of view. But whatever its chemical
interest, the theory fails in its present form to
account for a number of well authenticated
biological facts, some of which will now be briefly
mentioned.
It has long been known that the immunized or
sensitized individual retains its ability to syn-
thesize the corresponding antibody or to display
hypersensitiveness long after the primary injec-
tions of antigen. Even after apparent obliteration
in time of the specific immunological state, the
individual retains evidence of its prior experience
with the antigen, as can be demonstrated by the
ananmestic reaction. The immune mechanism
thus appears as a kind of memory that can last
for months or years, perhaps for a life time. It
would seem therefore, that the immune mecha-
nism involves the operation of processes that are
less passively mechanical and more subtle bio-
logically than the mere folding of the peptide
chain of globulin molecules.
Some recent observations concerning the
nature of y globulins may be of relevance to this
problem. Until a few years ago, it was believed
that this globulin fraction was an essential constit.
uent of serum proteins—undergoing, of course,
changes of concentration in certain pathological
states, but otherwise more or less constant in
normal animals. It was also thought, as already
mentioned, that antibodies were produced from
these normally occurring globulins as a result of
alteration in peptide folding. However, it has
been recently shown that the plasma of germ free
animals is extremely low in i' globulin and rises
to normal values only when these animals are
exposed to various antigenic stimuli (4). These
findings suggest the possibility that globulins
are not "normal" constituents but rather anti-
bodies produced in response to foreign substances
under the usual conditions of normal life. If this
hypothesis turns out to be true, it will make it
less probable that 'y globulins can be remolded
into other antibody configurations by subsequent
exposure to other antigens.
There is another obscure aspect of the immune
and allergic responses which, curiously enough,
was hardly ever mentioned by the immuno-
chemists of a generation ago—namely the fact
that the immunological mechanisms normally do
MOLECULES, SOCIAL SYSTEMS, AND DERMATOLOGY 229
not operate against the individual's own body
constituents. The extraordinary fact is that—to
use a terminology which has now become widely
accepted—the organism normally can distin-
guish "self" from "non self." While this absence
of immunological response to "self" is of course a
biological necessity for survival, there is no
obvious way to account for it in terms of the
concept which explains antibody synthesis as the
result of folding of the globulin peptides over the
molecular patterns which determine antigenic
specificity (5).
The phenomenon of immune tolerance consti-
tutes another stumbling block in the way of the
chemical theory, and presents problems probably
related to those involved in the recognition of
"self" from "non self." In the case of immune
tolerance, the problem is to explain why the
organism loses the ability to respond imrnuno-
logically to certain antigens when it has been
exposed to them very early in life. According to
the chemical theory, one would have to assume
that immune tolerance is caused by the fact that
the serum globulin can under the proper condi-
tions lose the ability to acquire the configuration
fitting certain antigens, and as a result behave
towards these substances as if they were "self"
constituents of the body. It is worth pointing out
in passing that immune tolerance has been recog-
nized not only with regard to antibody produc-
tion but also to the delayed type of allergy.
Furthermore, it can be elicited by feeding the
antigen instead of administering it by injection
(6).
Several efforts have been made during recent
years to formulate new theories of immunological
response. Whereas the emphasis was so clearly on
chemical mechanisms a generation ago, the
pendulum is now swinging back to more biologi-
cal explanations. As is well known, the most
popular of the biological approaches at the
present time is that identified with the "clone
theory". This theory assumes that within the
tissues of any given individual, there exist
multiple clones of antibody producing cells,
differing qualitatively with regard to their ability
to respond to different chemical antigenic deter-
minants. Furthermore, it also assumes that the
cells innately endowed with the power to respond
immunologically to a certain determinant group,
multiply selectively when the latter is made to
act as antigenic stimulus. Burnet, who has been
the main proponent of the clone theory, has
imagined many ingenious subsidiary mechanisms
to make it account for most of the known im-
munological phenomena (5).
This is not the place to examine the Pauling
and Burnet hypotheses either in their details, or
in their comparative merits. But it seems worth
pointing out that despite their profound differ-
ences, the two theories may not be as completely
incompatible as appears at first sight. On the one
hand, it is probable that the ability of a peptide
chain to become fitted to a certain antigenic con-
figuration must depend upon the fact that it has
the proper amino acid pattern, and this in turn
must be the expression of a genetic trait. On the
other hand, the globulins produced by the cells
of a given clone can act as antibody for a certain
antigen only if their amino acid pattern has the
proper degree of fitness for the antigenic deter-
minant. Thus, each of the two theories certainly
has some elements of truth. In part at least, they
correspond to the complementary chemical and
biological aspects of the immunological response.
* * * * *
It must be emphasized, that even if there were
complete understanding of the genesis of the
immunological and allergic responses, many
important aspects of their pathological signifi-
cance would not be explained thereby. For the
sake of ifiustration, I shall list a few immuno-
logical problems relevant to dermatology which
require knowledge of a different kind, in other
words which must be approached by concepts and
techniques different from those which can throw
light on the genesis of the immunological re-
sponse.
a) There is reason to believe that susceptibility
to allergic disease has a hereditary basis (7). The
extent to which this is true can be settled only by
orthodox genetic analysis in man and in experi-
mental animals, an analysis involving observa-
tions and experiments which need not take into
consideration the intimate mechanism of the
allergic state. It will be necessary to determine,
furthermore, whether heredity controls general
susceptibility to the allergic state, or a differen-
tial propensity to sensitization by different types
of antigenic stimuli. The fact that inbred selected
families of guinea pigs differ genetically in their
relative abilities to become sensitive to tuber-
culin or to various chemicals, illustrate how
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progress in this important field can be made with-
out recourse to chemical or cellular immimo-
logical theories (8).
b) Much remains to be learned concerning the
duration of the allergic state. Tissue cultures
taken from guinea pigs which had been rendered
allergic to either tuberculin or to streptococcal
protein have been found to retain for many
transfers in vitroa selective susceptibility to these
agents (9). More recently it has also been shown
that rabbits and guinea pigs continue to syn-
thesize antibody to various animal proteins for
many months after a single injection of these
antigens, and that the antibody is then of a non
precipitating type. Clearly, the fact that it is
thus possible to alter more or less permanently
the response of an organism has theoretical
implications as large as its practical consequences
(10).
c) Whatever the genesis of the allergic state,
it is obvious that allergic manifestations—both of
the immediate type (anaphylactic or Arthus-like)
and of the delayed type (tuberculin-like)—-do
have a wide range of pathological effects on the
organism. These effects are probably set in
motion by biochemical mechanisms involving,
for example, the activation of proteolytic proc-
esses (11, 12), the release of physiologically
active substances (histamine, serotonine and
various peptides), as well as other reactions
resulting in cytopathogenic effects. But equally
important are the neurological disturbances
brought about by these primary biochemical
stimuli.
There seems to be agreement—from what I
read—that it is difficult to explain the persistence
of some dermatoses without invoking some
central mechanism influenced by emotional dis-
turbances. In this regard it has been suggested
that central itching might be regarded as the
expression of a feed back mechanism. According
to this view, emotional tension leads to central
itching which is projected to an area already
made vulnerable by some degree of peripheral
itching consequent to the primary injury. In
other words, the illness is first precipitated by a
physical cause but once this has happened the
emotional disturbance alters the reactivity of the
skin, maintaining its sensitivity until the emo-
tional factor is eliminated; after a while it be-
comes difficult to decide whether the whealing
and itching is the cause or the response to
scratching (13).
d) In addition to the internal factors which
condition the manifestations of allergic phe-
nomena, there are environmental factors which
also play an important role. Hippocrates and
Galen taught that skin diseases were at their
worst in the Greco Roman world during the
spring because of the "renewed activity in the
body juices" at that time. And in a lecture pub-
lished in 1937, the famous Danish epidemiologist,
Thorvald Madsen stated, "It also seems beyond
doubt that some skin diseases, especially eczema,
become worse in the first months of the year and
have a distinct peak in March and April."
"Chronic prurigo (Hebra) in spring will some-
times record almost critical aggravation. And
erythema exsudativum multiforme, erythema
nodosum (possibly in conjunction with its
tuberculous aetiology), and purpura display a
rise in the spring months" (14). Gyorgy was able
to write of a hormonal spring crisis as being
actually an eruptive reversion of the whole
metabolism, accompanied by other more or less
pronounced changes, including irritability of the
nervous system. Indeed, there have been many
reports during recent decades that the intensity
of the tuberculin reaction in man is markedly
influenced by seasonal factors, and is especially
intense during the spring.
e) it is probably that, in the modern world, the
social environment is the most important single
force in determining both the causation and the
manifestations of allergic diseases. Nutrition
probably plays an important role since in mice,
the development of allergic encephalomyelitis is
profoundly conditioned by certain dietary
constituents (15).
One of the obvious social aspects of the allergic
problem is that many of the synthetic substances
introduced in modern life by chemical technology
are capable of sensitizing human beings. This fact
makes tests of sensitizing power essential in any
program of toxicity controls. However, it is be-
coming increasingly apparent that because sensi-
tizing propensity is so common among new
products it would prove very difficult to rule out
of use all substances which are potentially dan-
gerous. Technological growth would soon be
paralyzed if a certificate of absolute safety were
demanded of each one of its products. Society
must be willing to take chances if it wishes to
continue moving forward. In dermatology as in
other medical and social sciences, pathological
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considerations must be evaluated in the light of
economic necessities.
* * * * *
My purpose in listing in the preceding para-
graphs some immunological problems which have
relevance to dermatology was not to emphasize
their theoretical or practical importance. Rather
it was to point out that even within the restricted
field of immunology each particular problem
must be considered from a different point of view,
and must be investigated by different techniques,
because each has its own set of causative and
conditioning factors.
There are phenomena which concern primarily
the mechanisms by which individual cells are
modified or selected when they come into contact
with various substances; other phenomena are
the manifestations of the response of the organ-
ism as a whole; still others involve the interplay
between the individual and the social system of
which he is a part. Certain questions can best be
formulated in chemical terms, others elicit more
significant answers when dealt with by the
techniques of the geneticist, the general biologist,
or the sociologist.
It is erroneous to assume, as is so often done
that one kind of scientific approach is more
fundamental than the other, more likely to reach
ultimate truth—for example that chemical
analysis is more sophisticated than biological
observation. At each level of integration in living
things, there appear new kinds of phenomena
which demand new modes of inquiry with their
own techniques of analysis. New ways of arrang-
ing experimental and observational data into
general laws become apparent when the organi-
zation becomes more complex. And even the
practical applications of knowledge take a very
different character depending upon the level at
which intervention takes place—whether the aim
is to influence an isolated biochemical reaction,
a neurophysiological process, or a social situation.
As mentioned earlier in this essay, the facts
established by studies at one level of integration,
and by one type of technic, often fail to be
useful for studies carried out under other condi-
tions. At the present time, there is no way to
relate usefully the chemical knowledge of anti-
body protein synthesis, to the phenomenon of
itching, or to the social problems posed by the
marketing of new allergenic products. While
regrettable, this state of affairs is unavoidable
and, furthermore, it is not peculiar to immunology
or to dermatology. For example, a comparable
degree of independence exists among the various
experimental approaches in the fields of evolution
and genetics. Darwinian and post Darwinian
evolutionary theory emerged from studies on
complex populations of animals and plants. For a
long time the evolutionary theory was unaffected
by cytogenetics or by chemical genetics and in
fact it remains largely independent of these
sciences even today. Similarly, knowledge con-
cerning chromosomes and genes has evolved and
continues to evolve along lines which are little
influenced by the fact that nucleic acids are the
carriers of hereditary information. And today
studies concerned with the synthesis of proteins
and of nucleic acids proceed on their own course,
almost unconcerned with their relevance to
population genetics and to evolutionary theory.
One could point out also that much knowledge of
muscular contraction was acquired without bene-
fit of the beautiful electron micrographs or x-ray
diffraction patterns which provide such exciting
insight into the ultrastructure of contractile
fibers. And similarly there is no indication as yet
that studies of the chemical structure and rnetab-
olism of the brain can throw any light on be-
havior, or consciousness, or on mental disorders.
The fact that different kinds of scientific ap-
proaches, and studies at different levels of integra-
tion, usually proceed independently without
establishing useful contact with each other seems
to imply a pessimistic view of science as a phi-
losophy. Fortunately, however, it is also true
that at unpredictable times, local breaks occur
now and then in the dense clouds that separate
one level of investigation from another. And when
light diffuses across boundaries, phenomena
which had long remained unrelated suddenly
illuminate each other, thus acquiring unexpected
brilliance and relief. I need only mention as
examples how the understanding of certain
pathological processes has been increased by the
recently acquired knowledge concerning the
synthesis of protein antibody molecules; how
chemical studies on nucleic acids are presently
giving new significance to genetic recornbin&.
tions; how it has been possible to relate the
presence of one terminal amino acid in the
hemoglobin molecule to both sickle cell anemia
and to resistance to malaria. Even as complete an
outsider as I am, cannot help being aware of the
fact that several flashes of illumination from one
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level to another are now occurring in psychiatry—
such as the correlations between metabolic dis-
turbances and mental aberrations—or the effects
of drugs on conditioning and behavior. These
flashes of light from one level to another give
much of its universal significance to scientific
life. They serve as further evidence, if any were
needed, that everything in the natural world is
relevant to everything else.
The unpredictabifity of the interrelationships
between one aspect of science and another has
important consequences for the organization of
scientific research. It makes it wise to encourage
investigation at all levels of integration of
biological systems, and with all sorts of tech-
niques—even though the facts thus acquired
usually seem devoid of any relevance to each
other. It also makes it imperative to cultivate an
alertness to the chance occurrence of relevancies,
in order to be able to benefit from what is hap-
pening in fields of science outside one's own
specialty. The rewards of this attitude are many
and varied. They include not only the greater
likelihood to add unexpected and significant
knowledge to one's particular field of interest,
but also a more intense and diversified satis-
faction from scientific life. Still another reward is
a more optimistic view of the problem of com-
munication among scientists.
We all realize, of course, that understanding
of any particular field demands such a large
background of concepts, facts and techniques
that it can never be completely communicated
except to the initiates within the membership of
each specialized scientific guild. Specialization
accounts in large part for the practical achieve-
ments of science, but unfortunately it is also
responsible for the parochialism and intellectual
loneliness so common among scientific workers.
It seems to me, however, that above and beyond
its specialized body of knowledge and its jargon,
each aspect of science touches on problems, and
uses modes of thinking which are common to
many men of many professions. At a higher level
of discourse, the specialist in almost any field of
knowledge can communicate his professional
view of the world to other kinds of scientists or
even to lay men. it is because I take this opti-
mistic attitude that I, who am so completely
ignorant of dermatology as a body of specialized
knowledge, nevertheless made bold to discuss
some of its general problems with you today. I
did it to illustrate that although dermatology is
a highly specialized science in its applications,
nevertheless, its concepts and its problems make
it reach into many areas of general human in-
terest—from molecular biology to the interrela-
tionships between the body, the mind and the
social structure.
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